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One-hundred sixty-eight group B streptococcal (GBS) isolates from a Brazilian hospital were phenotypically
and genotypically characterized. Isolates were recovered from human sources from April 2006 to May 2008 and
classified as either invasive, noninvasive, or colonizing isolates. Classical methods for serotyping and antibiotic
resistance profiling were employed. Clonal groups were also defined by pulsed-field gel electrophoresis
(PFGE). Results showed that susceptibility to beta-lactam antimicrobials was predominant among the isolates.
Only 4.7% were resistant to erythromycin and clindamycin. The erm(B) gene was widely detected in our GBS
isolates, according to our phenotypic results (constitutive macrolide-lincosamide-streptogramin B [cMLS;]
resistance phenotype), and the erm(A) gene was also detected in some isolates. MLSy resistance was restricted
to strains isolated from patients with noninvasive infections and carriers. Serotype Ia was predominant
(38.1%), serotype IV isolates were found at a high frequency (13.1%), and few isolates of serotype III were
identified (3%). Pulsed-field gel electrophoresis results revealed a variety of types, reflecting the substantial
genetic diversity among GBS strains, although a great number of isolates could be clustered into two major
groups with a high degree of genetic relatedness. Three main PFGE clonal groups were found, and isolates
sharing the same PFGE type were grouped into different serotypes. Furthermore, in a few cases, isolates from
the same patients and possessing the same PFGE type were of different serotypes. These findings could be

related to the occurrence of capsular switching by horizontal transfer of capsular genes.

In the last 40 years, Streptococcus agalactiae (group B strep-
tococcus [GBS]) has been described as an important pathogen
in neonates and pregnant women. Vaginal colonization with
GBS during pregnancy is significantly associated with infec-
tions in newborns and requires investigation (40, 46, 48). De-
spite the reduction in the incidence of early-onset neonatal
disease by using antimicrobial intrapartum prophylaxis, mor-
tality and permanent disability rates caused by GBS continue
to be significant. However, GBS has also emerged as an im-
portant pathogen in other patient groups, such as children,
young adults with underlying medical conditions, and elderly
individuals (40). Penicillin is the drug of choice for prevention
and treatment of GBS infections, which remain universally
susceptible. Erythromycin and clindamycin are recommended
when risks of anaphylaxis or therapeutic failure are present.
However, resistance to erythromycin and clindamycin has in-
creased in many countries in North America (2, 6, 16, 40),
Europe (21, 22, 42, 45), and Asia (24) but not in Brazil (18, 50)
and other Latin American countries (23, 35, 36). Such a resis-
tance profile is mainly due to two mechanisms: a methylase-
mediated target site modification and an active efflux pump
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(53). In GBS, coresistance to macrolide, lincosamide, and
streptogramin B (MLSg) is due to methylases encoded by erm
genes that modify a ribosomal target (57). The MLSy resis-
tance phenotype can be mediated by two classes of erm genes:
(i) the widely predominant erm(B) determinant, which can be
expressed either constitutively or inducibly and which is usually
associated with high-level resistance (21), and (ii) ermm(TR), a
member of the erm(A) subclass (44), which is normally induc-
ible and for which the level of resistance that it appears to
confer depends on the contribution of drug efflux pumps (57).
In GBS, the presence of a drug efflux pump [a membrane-
bound protein encoded mainly by the mef(A) gene] (32) is
associated with a low-level resistance pattern and confers re-
sistance only to 14- and 15-membered ring macrolides (M
phenotype) (9). Recently, mobile genetic elements have been
identified in streptococcal species, including GBS carrying
genes conferring macrolide resistance, suggesting that eryth-
romycin and clindamycin resistance could be widely spread
(43, 57).

GBS can be subclassified into serotypes according to the
immunogenic type of their polysaccharide capsule, and sero-
typing methods have been used to investigate GBS epidemiol-
ogy in humans. There are nine well-known serotypes described
(serotypes Ia, Ib, II, 111, IV, V, VI, VII and VIII). The exis-
tence of a new serotype (serotype IX) has recently been pro-
posed (52). The predominant serotypes in the Western hemi-
sphere are Ia, Ib, II, III, and V (39, 40); serotypes VI and VIII
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have been more frequently found in Japan (28); and serotypes
IV and VII are rarely isolated (38).

Pulsed-field gel electrophoresis (PFGE), a molecular typing
method, has been carried out for GBS strains to evaluate
possible clonal relatedness and genetic diversity (1, 5, 34) in
different clinical settings and for different diseases.

The aim of this study was to phenotypically and genotypi-
cally characterize GBS strains recently isolated from commu-
nity and hospitalized patients in southern Brazil.

MATERIALS AND METHODS

Bacterial isolates. A total of 168 GBS strains were isolated from outpatient
and inpatient populations at the Clinical Hospital of the Federal University of
Parana (HC-UFPR), a 635-bed tertiary-care teaching hospital located in Cu-
ritiba, Parana, Brazil, between April 2006 and May 2008. Strains were assigned
to three different groups with regard to clinical outcome and anatomical site of
isolation: (i) invasive (I) strains (n = 20) for isolates recovered from otherwise
sterile body sites or samples, such as blood, cerebrospinal fluid, joint and bone
biopsy specimens, and peritoneal fluid; (ii) noninvasive (NI) strains (n = 37) for
isolates recovered from wound and abscess specimens, urine samples, a surgical
wound, and an intravenous catheter; and (iii) colonizing (C) strains (n = 111) for
isolates recovered from anogenital specimens from pregnant women and urine
samples from healthy patients. Urinary tract infection samples were classified
according to the results of urine culture (GBS present at >100,000 CFU/ml and
the sole bacterial species isolated) and of urinalysis (pyuria and low epithelial cell
count). Essentially, only one bacterial isolate from each patient was included,
except for nine patients, from whom two bacterial samples were isolated.

Isolates were identified using standard biochemical tests (25). Serological
grouping was also performed using a commercial latex agglutination test
(Avipath-Strep; Omega Diagnostics, United Kingdom). All GBS isolates were
stored at —80°C in Trypticase soy broth (HiMedia, Mumbai, India) containing
15% glycerol and 5% sheep blood for phenotypic and genotypic analysis.

Serotyping. All isolates were serotyped by the immunodiffusion method with
specific rabbit anticapsular antibodies against nine capsular polysaccharides (Ia,
Ib, IL IIL, IV, V, VI, VII, and VIII) as previously described (29, 51). Serotype IX
was not investigated. Nonserotypeable isolates were designated NT.

Antimicrobial susceptibility testing. All GBS strains were tested for penicillin,
ampicillin, erythromycin, clindamycin, levofloxacin, and vancomycin susceptibil-
ity by disk diffusion (10) and agar dilution (11) methods, as recommended by
Clinical and Laboratory Standards Institute (CLSI) guidelines. The double-disk
diffusion method with erythromycin and clindamycin disks was performed to
determine the GBS resistance phenotypes, as described by CLSI (12). Tests were
interpreted according to CLSI standards (12). Streptococcus pneumoniae ATCC
49619 and Enterococcus faecalis ATCC 29212 were used as controls.

Detection of macrolide resistance genes. All resistant isolates, as defined by
phenotypic methods, were tested for the presence of the erm(A), erm(B), and
mef(A) genes by PCR amplification using primer pairs erm(A)-F (5'-GCATGA
CATAAACCTTCA-3') and erm(A)-R (5'-AGGTTATAATGAAACAGA-3"),
erm(B)-F (5'-GAAAAGGTACTCAACCAAATA-3") and erm(B)-R (5'-AGTA
ACGGTACTTAAATTGTTTAC-3"), and mef(A)-F (5'-AGTATCATTAATCA
CTAGTGC-3") and mef(A)-R (5'-TTCTTCTGGTACTAAAAGTGG-3") under
previously described conditions (14, 15, 49, 53). Streptococcus pyogenes 53157
erm(A), S. pyogenes 015195 erm(B), and S. pyogenes 06196 mef(A) were used as
positive control in all PCR experiments.

Molecular typing by PFGE and dendrogram analysis. Chromosomal DNA of
all GBS isolates was prepared in agarose plugs as described previously (26, 54)
and treated using 30 U of Smal (Invitrogen, San Diego, CA) for 8 h at 30°C. The
fragments were separated by PFGE in 1.2% agarose gels in a CHEF-DRIII
system (Bio-Rad Laboratories, Hercules, CA) with pulse times of 3.5 to 45 s for
12 h and 1 to 5 s for 8 h at 14°C and 6 V/cm. The Smal restriction profiles were
interpreted according to the criteria of Tenover et al. (55). The Dice similarity
coefficient was used to determine the similarity between each banding pattern,
and a dendrogram was constructed using the unweighted-pair group method with
arithmetic averages, along with the aid of Gel Pro-Analyzer and NTSYS com-
puter software. PFGE samples were numbered 1 to 168. Isolates with similarities
of >80% were clustered as highly genetically related (possibly or closely related,
according to the criteria of Tenover et al. [55]) and were placed into dendrogram
branches numbered 1 to 14. Genetically indistinguishable isolates (clones) were
assigned with a capital letter (A, B, or C) to clusters with a minimum of 14
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TABLE 1. Distribution of 168 GBS isolates among patient groups
and patient clinical data

No. of isolates

Pati No. (%) of
atient group patients Invasive  Noninvasive Colonizing Total
population population population ota
Pregnant®” 72 (45.3) 10 67 77
Nonpregnant® 80 (50.3) 12 27 44 83
Female 51 2 19 32 53
Male 29 10 8 12 30
Neonates” 7(4.4) 8 8
EOS? 4 4 4
LOS® 3 4 4
Total 159 (100) 20 37 111 168

“ Five pregnant patients, three nonpregnant adults, and a neonate yielded two
isolates each.

" Fourteen patients ages 13 to 19 years harbored 3 NI and 12 C isolates (1
patient included 2 C isolates); 58 patients ages 20 to 64 years harbored 7 NI and
55 C isolates (3 patients harbored 2 C isolates, and 1 patient harbored both an
NI and a C isolate).

¢ Four patients ages 13 to 19 years harbored only colonizing isolates; 60
patients ages 20 to 64 years harbored 8 I, 19 NI, and 36 C isolates (2 patients
harbored NI/C isolates, and 1 harbored only a noninvasive isolate); 16 patients
>064 years of age harbored 4 I, 8 NI, and 4 C isolates.

4 EOS, early-onset syndrome. All newborns with early-onset syndrome devel-
oped bacteremia.

¢ LOS, late-onset syndrome. Among the newborns with late-onset syndrome,
one developed meningitis, one developed bacteremia, and one developed both
meningitis and bacteremia.

isolates. Isolates with similarities of <80% were considered genetically unre-
lated.

RESULTS

Clinical data and patient profile. Patient profiles and their
clinical data are summarized in Table 1. Among nonpregnant
patients, GBS strains were frequently isolated from urine
(80.7%). Skin, bone, and joint tissue samples yielded few iso-
lates (6%), and 9.6% of the cases were identified as bactere-
mia. In pregnant women, most of the GBS strains were isolated
from urine (58.4%), but some isolates were also obtained from
vaginal and rectal specimens (38.9%). The median age of the
adult patients was 34 years.

Serotype analysis. Table 2 shows the number of isolates for
each serotype group and their clinical manifestations. Coloniz-
ing isolates were present in higher numbers and were distrib-
uted in all serotypes. Serotype IV was commonly found in
infections. Serotype Ia was found in several types of infections
(bacteremia, meningitis, osteomyelitis, peritonitis, skin and
urinary tract infections). A higher diversity of serotypes was
observed in genital and rectal isolates, as well as urine and
blood samples.

Table 3 shows that in most age groups, serotype la was
predominant. Different serotypes were mainly found in teen-
agers, nonpregnant, and pregnant adults. Eight GBS strains
were obtained from newborns: four strains of three different
serotypes were obtained both from newborns with early-onset
infections and from newborns with late-onset infections.

Antimicrobial susceptibility and MLS;; resistance profile.
All GBS isolates were susceptible to penicillin, ampicillin, levo-
floxacin, and vancomycin. Resistance to erythromycin and clin-
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TABLE 2. Clinical manifestations and serotype distributions of 168 GBS isolates
Isolate type and clinical No. of isolates of serotype”:
manifestation or site In b I 1 v v NT Total
Invasive isolates
Bacteremia 4 2 3 2 2 1 14
Meningitis 1 1 2
Arthritis 1 1
Osteomyelitis 1 1
Peritonitis 2 2
Subtotal 8 2 4 3 2 1 20
Noninvasive isolates
Puerperal infection 1 1
Skin infection 2 1 1 1 5
Urinary tract infection 10 1 5 2 8 3 2 31
Subtotal 12 1 5 2 9 4 4 37
Colonizing isolates
Genitals/rectum 12 5 6 1 1 2 3 30
Urinary tract 32 9 12 2 9 13 4 81
Subtotal 44 14 18 3 10 15 7 111
Total 64 17 27 5 22 21 12 168

“ Serotypes VI, VII, and VIII were not found in this study.

damycin was found in 4.7% of the samples (8 of 168) (Table 4).
All resistant GBS strains expressed the constitutive MLSy; phe-
notype, and these possessed the erm(B) gene, as detected by
PCR. The erm(A) and erm(B) resistance genes were found
concomitantly in five of these isolates, and no mef(A) gene was
found. Only serotypes II (n = 3), IV (n = 2), and V (n = 3)
were identified among resistant isolates.

Molecular typing by PFGE. Ninety-one distinct PFGE types
were identified on the basis of dendrogram analysis. According
to the data shown in Fig. 1, isolates in 14 PFGE groups pos-
sessed above 80% similarity, and each group clustered at least
two isolates. Of these, groups 2 and 14 clustered the highest
number of GBS isolates. Also, among those PFGE groups, five
included only GBS strains of the same serotype, and the re-
maining PFGE groups included GBS isolates of different se-
rotypes. The other PFGE types showed less than 80% similar-
ity and represented unrelated isolates.

For PFGE groups 2 and 14, clones (100% identity on the
basis of PFGE analysis) with a minimum of 14 isolates are
shown in greater detail in Fig. 1, and those were designated

PFGE clones A, B, and C, which accounted for 50 (29.8%)
of the GBS isolates. Clone A comprised 14 isolates, 12 of
serotype Ia, 1 of serotype V, and an NT isolate. Of those, 2
were invasive, 1 was noninvasive, and 11 were colonizing.
Clone B contained 15 isolates, 13 of serotype Ia, 1 of sero-
type Ib, and 1 of serotype IV. Four isolates were noninva-
sive, and 11 were colonizing. Clone C consisted of 21 iso-
lates, 8 of serotype IV and V, 3 of serotype III, 1 of serotype
II, and 1 that was NT. Two strains were isolated from pa-
tients with invasive disease, 10 were collected from patients
with noninvasive disease, and 9 originated from carriers.
Except for serotypes Ia, IV, and V, for which clusters with
43, 10, and 8 isolates, respectively, could be seen in the
dendrogram (data not shown), the other serotypes pre-
sented high degrees of genetic diversity.

PFGE analysis of the eight MLSg-resistant isolates resulted
in their distribution into five PFGE types (data not shown).
Four strains were clustered (>80% similarity), consisting of
two clonal isolates of serotype IV and two of serotype V. Also,
two strains of serotype II were clonal. The remaining two

TABLE 3. Serotype distribution of 168 GBS isolates in various age groups

Patient group (age [yr])*

No. of isolates of serotype:

Ia Ib I 111 v \% NT Total
Early newborns” 2 1 1 4
Late newborns® 1 1 2 4
Teenagers (13-19) 9 1 3 2 2 2 19
Nonpregnant adults (20-64) 23 6 10 3 9 10 2 63
Pregnant adults (20-64) 19 8 13 7 6 9 62
Elderly (>64) 10 1 2 3 16
Total 64 17 27 5 22 21 12 168

“No GBS isolate was recovered from children (1 to 12 years old).
b Age 1 to 7 days.
¢ Age 8 to 90 days.
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TABLE 4. Antibiotic susceptibilities of 168 GBS isolates

MIC (pg/ml)

Antibiotic % S°
Range” 50% 90%

Penicillin G 0.007-0.96 0.03 0.06 100
Ampicillin 0.015-0.5 0.06 0.06 100
Erythromycin® 0.03-8 0.03 0.03 95.3
Clindamycin® 0.03-8 0.03 0.03 95.3
Levofloxacin 0.25-16 1.0 2.0 100
Vancomycin 0.06-2 0.5 0.5 100

“ Range, range of concentrations tested.
b8, sensitive.
¢ Resistant isolates presented MICs of >8 ug/ml for both antibiotics.

strains were not related. No invasive strains displayed MLSg
resistance.

Nine patients yielded two clonal isolates each, as determined
by PFGE analysis. In some cases, the pair of isolates from a
patient belonged to different serotypes. From three patients,
four isolates were recovered from the urinary tract at distinct
times (one of serotype III and one of serotype IV from the first
patient and one of serotype IV and one of V from the second
one). Meanwhile, two isolates (one of serotype IV and one of
serotype V) were recovered from rectal specimen culture and
the urinary tract of the third patient at the same time. For the
remaining six patients, a single serotype was present in each
patient. In two cases, GBS samples recovered from newborns
and their respective mothers were of the same serotype (sero-
type Ia) and also presented identical PFGE types.

DISCUSSION

Data collected from different geographic areas revealed con-
siderable variation in the phenotypic and genotypic character-
istics of GBS isolates (15, 18, 21, 22, 23, 24, 30, 31, 39, 42, 45).
In Brazil, data on the distribution of serotypes, as well as the
molecular epidemiology of GBS isolates, are still scarce. In the
present study, we investigated the phenotypic and genotypic
properties for a collection of GBS strains isolated from com-
munity and hospitalized patients in southern Brazil.

A few cases of neonatal infections with no associated mor-
tality were attributed to GBS infection in our study. However,
GBS contributed to death when some underlying disease was
present in both neonates and nonpregnant adults (data not
shown). Previous studies have reported that GBS have
emerged as important pathogens in children, young adults with
underlying medical conditions, and elderly patients (40, 47).
During the study period, no child was included. A higher num-
ber of colonizing isolates was found in nonpregnant adults.
However, although a small number of elderly patients (n = 16)
and newborns (n = 7) has been included, most of the elderly
patients and all of the neonates presented with infection. Fur-
thermore, prematurity and low birth weight were frequently
observed in neonates; and comorbidities such as cancer, dia-
betes mellitus, and renal disorders were found in elderly pa-
tients. Usually, newborns and patients with serious underlying
diseases are at higher risk of bacterial colonization (19, 47),
and this would be consistent with our observations for those
patient groups.

The distribution of GBS capsular polysaccharide types has
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previously been reported to vary geographically. Studies per-
formed in European, North American, and Latin American
countries have demonstrated that serotype Ia, III, or V is more
frequently found (2, 18, 21, 23, 28, 30, 31, 39, 52). In our study,
all capsular serotypes were found except VI, VII, and VIII,
which are often considered rare (2, 21, 23, 31, 39). Serotype Ia
was predominant, in accordance with the findings of previous
studies (18, 23, 30, 31, 35, 40), and it occurred in infection and
colonizing isolates. Likewise, serotype II was also frequently
seen in colonizing and infection isolates. In another Brazilian
study, serotype Ib was often found in pregnant women (50).
Conversely, in our study a low number of isolates were of
serotype Ib; however, some of those were causing early-onset
and late-onset disease. This different finding is still unclear but
confirms the higher degree of variability of serotypes in distinct
regions even within the same country. Overall, serotype V was
described elsewhere as an important serotype causing invasive
infections in adults (21, 39, 40, 48). In this study, serotype V
was also identified among adult patients, but most of them
consisted of colonizing isolates (15 of 21).

Our finding that showed that serotype III is of particular
importance differed from the findings of previous studies, as it
was frequently isolated in other countries (21, 30, 31, 35, 39,
40) and causes the majority of infections in neonates (47). Only
five GBS isolates from this study were of serotype III, and none
of them were from neonates. A previous Brazilian study also
isolated a lower number of GBS strains of serotype III from
pregnant women (50). Another study found a considerable
number of strains of serotype III, but they were recovered from
the milk of dairy cows (17).

The rate of occurrence of serotype IV in different parts of
the world is low (21, 38, 40); however, we isolated GBS ex-
pressing this capsular polysaccharide at a relatively high fre-
quency (n = 22; 13.1%). Furthermore, serotype IV was asso-
ciated with late-onset disease and was the only serotype
displaying a larger number of infectious isolates (Table 2). In
contrast, serotype IV has not been described in previous Bra-
zilian studies (18, 50).

Previous studies reported occurrence rates of NT strains
ranging from 1 to 18% (3, 21, 27, 50). Our numbers (7.1%)
included colonizing, noninvasive, and invasive isolates. Molec-
ular serotyping methods would probably increase their type-
ability. However, a decreased capacity for capsular polysaccha-
ride synthesis, noncapsulated phase variation, or cps gene
cluster modification could prevent proper serotype identifica-
tion (8, 27).

Our study confirms the high level of beta-lactam suscepti-
bility of GBS (6, 40). Neither penicillin-resistant nor penicillin-
intermediate GBS strains were found. Although full penicillin
resistance has not been confirmed in GBS, some studies have
reported a reduced susceptibility to penicillin (7, 13, 37), but
the overall penicillin susceptibility pattern remained un-
changed (6, 36, 40, 45, 50).

Erythromycin and clindamycin resistance was detected in
4.7% of the GBS isolates, and these strains were recovered
from patients with noninvasive infections as well as carriers.
This can be regarded as a low rate of incidence compared to
incidence data from Asia, Europe, the United States, and Can-
ada (6, 16, 24, 40, 42); but similar results were also found in
other Latin American and Nordic countries (18, 23, 35, 36, 37).
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FIG. 1. Dendrogram of 168 GBS isolates constructed on the basis of PFGE patterns. A Dice coefficient similarity within at least 80% included
14 PFGE groups numbered from 1 to 14. Isolate identifications (isolate ID) are indicated in the dendrogram. An expanded view of groups 2 and
14, which contain multiple numbers of strains with degrees of similarity higher than 80%, is presented on the right in gray. The site of isolation,
serotype, and PFGE grouping of those isolates are shown. Isolates 155, 184, 132, 149, 152, 179, 80, and 94 are MLSg resistant.
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This could be attributed to the more intense clinical use of
these antibiotics in Asia, Europe, the United States, and Can-
ada. The presence of methylases encoded by erm genes is the
most common MLSy resistance mechanism found (15, 58).
The erm(B) gene was detected in all resistant GBS isolates by
PCR, and the erm(A) gene was also detected in a number of
these isolates. The co-occurrence of these genes has been re-
ported in previous studies. However, this combination does not
change the MIC results and the presence of erm(B) alone has
been reported to lead to higher MICs (4, 18, 20). No strains
were positive for mef(A). This gene has not been found in
Brazilian GBS strains (18).

The high degree of genetic diversity of the GBS isolates
identified in this study is reflected in the results of the PFGE
profiling analysis. Out of 91 distinct PFGE types, 14 PFGE
groups with at least 80% similarity were identified. Of those,
two PFGE groups (groups 2 and 14) represented 43.4% of all
GBS isolates. From a study with 91 GBS strains, Gherardi et al.
(21) reported that 52.7% of isolates belonged to four major
clonal groups.

Molecular studies have reported that GBS strains of differ-
ent serotypes would share more sequence similarities than
isolates of the same serotype (56). Our study found isolates of
different serotypes belonging to the same clonal groups (A, B,
and C) (Fig. 1). This finding may be attributed to the horizon-
tal transfer of capsular genes among GBS isolates of different
serotypes, which could be driven by the evasion of the host-
mediated immune response promoted by the genetic selection
and maintenance of conserved structural motifs in the polysac-
charide repeat unit of all capsular serotypes (8, 56). We also
observed similar PFGE types in serotypes Ia, IV, and V, while
serotypes Ib, II, and III showed higher levels of heterogeneity.
It has been found that the genetic variety is consistent with that
found in previous studies in both large and small GBS popu-
lations (18, 21, 41).

This study contained a GBS population recovered from a
great diversity of patients who did not present epidemiological
relationships. Also, no relevant associations among clinical
data and phenotypic or genotypic characteristics were found.

Our GBS population included a considerable number of
serotype IV isolates, in contrast to what is observed in most
other countries. This fact highlights the need for further stud-
ies with larger numbers of isolates in different geographic ar-
eas. Variations in the relative occurrence of serotypes in dif-
ferent areas or countries could potentially compromise the
effectiveness of more universal vaccines. Although we have
shown a high degree of genetic diversity in isolates of the same
serotype, many GBS isolates had high degrees of genetic sim-
ilarity. An environmental origin could be the explanation for
the spread of such isolates, since our patients were epidemio-
logically unrelated. We also observed that one GBS clone can
express distinct serotypes in the same patient. Neither serotyp-
ing nor PFGE profiling alone would be enough to determine
the relatedness of GBS isolates, since either typing method can
fail to discriminate unrelated isolates or to group together
related isolates. In this context, Tettelin et al. (56) reported
that even other commonly used strain classification methods,
such as multilocus sequence typing, do not reveal the real GBS
genetic diversity evidenced for them by whole-genome analy-
sis. Genomic sequencing of higher numbers of GBS strains
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representing the major disease-causing serotypes has been sug-
gested to be an adequate tool for rational vaccine design (33),
and such approaches may also contribute to the understanding
of the epidemiology of GBS.
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